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ABSTRACT

The Opd Unit of the Pogonip Group is a slope-forming
carbonate sequence that crops out in the Arrow Canyon Range
75 miles north of Las Vegas, Nevada.

It is composed mainly

of grainstones, packstones, and intraformational
conglomerates and also contains Calathium-bearing bioherms

.

composed dominantly of wackestones.

These rocks were

deposited in a shallow-water, high-energy, subtidal,
tropical marine environment. Nuia and Nuia-crinoid shoals
developed on this shallow ramp and the area was frequently
disturbed by storms.
Calathium-dominated carbonate mudmounds emerged on the
Nuia and Nuia-crinoid shoals.

Although Calathium dominated

the mounds on a macroscopic scale, the mounds were build by
unpreserved microorganisms.

Calathium simply lived in the

mounds and may have acted as sediment bafflers.

Other mound

dwellers included trilobites, crinoids, gastropods,
nautiloids, brachiopods, and bryozoa.
The bioherms of the Opd Unit represent the transition
from bioconstructions dominated by microorganisms during the
Middle and Late Cambrian to those dominated by sessile
benthonic macroorganisms during the Middle Ordovician.
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INTRODUCTION

Purpose of This Study

The Early Ordovician is an important time in the
history of reef evolution because it represents a transition
from reefs dominated by microorganisms to reefs built by
skeletal macroorganisms.

Bioherms that occur in the Lower

Ordovician Pogonip Group and are exposed in the Arrow canyon
Range are one of the few examples of Early Ordovician
bioherms anywhere and are the only examples from southern
Nevada.

The purpose of this study is to describe and

interpret the depositional environments and paleoecology of
these bioherms in order to further our understanding of this
critical period in the history of reef evolution.

Distribution and Study Area

The Pogonip Group is a Lower Ordovician carbonate
sequence composed dominantly of limestones and dolomites. It
crops out in a variety of locations in southeastern
California, southern and central Nevada, and western Utah.
The primary location for this study is the Arrow Canyon
Range, approximately 75 km north of Las Vegas, Nevada (Fig.
1).

At this locality the Pogonip Group crops out on the

western slope of the Arrow Canyon Range where Langenheim and
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others (1962) divided it into six units designated Opa
through Opf (Fig. 2).

The Opd Unit, which is described in

this study, is a slope-forming carbonate unit ranging from
75 to 100 meters thick; it is composed of grainstones,
packstones, and intraformational conglomerates.

The unit

also contains numerous bioherms dominated by Calathium, a
problematical organism presently grouped with
receptaculitids (Nitecki, 1986).

These bioherms are

important in the history of Paleozoic reef evolution because
they were among the first with a skeletal component to
appear after the virtual extinction of the archaeocyatha at
the end of the early Cambrian.

Access

To reach the study area, travel north from Las Vegas,
Nevada on Interstate 15 approximately 20 miles to Highway
93.

Travel north on Highway 93 to mile marker 77.

Travel

another 0.4 miles to an unmarkerd dirt road on the right.
Turn right and go east 1.5 miles to another dirt road.
right an travel south slightly over 0.2 miles.

Turn

Turn left on

another dirt road and travel east to southeast for as far as
the road goes.

The study area is located on the west-facing

cliff of the Arrow Canyon Range near the location where the
Ope Unit cliff dips into the subsurface (Fig. 2).

4

A

Figure 2. Opd Unit at the Arrow canyon Range. A) West face
of the Arrow Canyon Range. B) Opd Unit showing its
bench-forming characteristic. View is to the south.
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Previous Work

The term "Pogonip" was first used by King (1878) in his
report of the 1876 geological expedition of the 40th
parallel (as reported in Smith, 1962).

He used the name

Pogonip Limestone for a sequence of carbonates at Pogonip
Mountain near White Pine, Nevada.

This sequence was

identified as Silurian in age because the Ordovician had not
yet been accepted as a part of the geologic time table.
Hague (1883) in his work on the geology of the Eureka
District of Nevada redefined the Pogonip Limestone to
include all the rocks occurring between the Cambrian Hamburg
Shale and the Eureka Quartzite.

Hague also collected and

described over seventy fossil species from the Pogonip.
The loose term "Pogonip Limestone" was redefined by
Hintze (1951) as the Pogonip Group, consisting of six
Ordovician formations in the area of west-central Utah and
east-central Nevada.

These formations were the House,

Fillmore, Wahwah, and Juab limestones, the Kanosh shale, and
the Lehman limestone.
Nolan and others (1956), in their study of the Pogonip
Group in the vicinity of Eureka, Nevada, divided the group

into three formations.

These formations, the Goodwin,

Ninemile, and Antelope Valley Formations, have also gained
wide acceptance in the southern Nevada area.
Ross (1964) correlated the Lower and Middle ordovician

6

formations across southern Nevada and adjacent California,
including the Arrow Canyon Range.

He correlated the Opd

unit of the Pogonip Group in the Arrow Canyon Range (the
subject of this study) with a portion of the Antelope Valley
Limestone in other parts of southern Nevada (Fig. 3).
The Pogonip Group was first described in the Arrow
Canyon Range by Longwell (1949) in his study of the Muddy
Mountains area.

A more detailed description of a portion of

the Pogonip Group in the Arrow Canyon Range was made by Webb
(1956).

He mentioned finding Receptaculites sp., which

likely includes the Calathium found in this unit.

Webb did

not subdivide the Pogonip Group at Arrow Canyon.
Langenheim and others (1962) described and measured
the Paleozoic section at the Arrow Canyon Range, including
the Pogonip Group, which they subdivided into six units,
designated Opa through Opf (Fig. 4).

This designation is

used for this study and the Opd unit will be described
herein.

Langenheim and others described the Opd unit as

chiefly a fine- to medium-grained, gray-weathering, gray
limestone in beds 0.5-1 foot thick interbedded with flatpebble conglomerate in approximately equal amounts.

They

noted abundant fossil sponges which again I presume to be

Calathium.

They reported that the Opd Unit was 350 feet

(107 meters) thick.
One of Langenheim's students, R. W. Pierce, completed a
Master's thesis at the University of Illinois in which he

7

5
3

2

In yo
M!ns
CA

Sheep

4

Meikle john
Racetrack Peak and
Valley
Bare Min.
CA
Com osite

Ran e

Nevada
fest

----- Site ./

~---···

•

//

•

6

"............ Arrow
Con yon
1 Range

Dolomite

-··

.. .- .-

Antelope
Volley

Antelope

Limestone

Valley

''

\\''
'\

.'.,_

j

,,
'' ''

'

Limestone

~

~

.- .-·

'

"'0.''''' ...

C' ''

.-.. .-·
-Ninemile
Formation..... --

~~~.\

.\~\
.-::'

\~ \

R

• • 3•4 56
I 2 '"

\~

---

\~

\"'

''
''

·-

500

Goodwin

.'.
'·.
'

-,

Limestone

'

'''

'

0

'-

Figure 3. Correlation of Ordovician formations across
southern Nevada and southeastern California (from Ross,
1964). Note that lithologically equivalent units are
older toward the east.

8

c
tiS

-

C.,)

..(;"'

..1:

!!cu

C.,)

0

c..

......

·-.... ·-...
..

(II

&:0<.1'1

..

"'
(II

G.l-

E ..

<:
.

c..

=
...0

(.:J

....

·-c
::)

tiS

tiS

...

- ·-._oa
c-> ·--

-

cu

G.l

C.,)

"'1;;1
"'1;;1

·-::E

c

>
c"'l;;l

"'1;;1

- ...
tiS

..wG.I

0

...I

G.l

-

::E

C.,)

c

-

Opf

99

Ope

120

Opd

107

Ope

58

Opb

37

Opa

320

..

C.,)-

0~

11.1"'1;;1

c

tiS

G.l

c

.. - "" .::c
0

c
..w

..1:
1-

z

c

..."'

"'"'G.l

..1:

tiS

~

c..
::I

0

....

(.:J

-c..

c

->

c

tiS
C.,)

0

...
0
...

"'1;;1

G.l

~

....

0

c

...

··-c

C)

...

G.l

<

c

-""

"'C

"'c

C)

0

ca..

u"'

0

Figure 4. Pogonip Group in the Arrow Canyon Range as
measured by Langenheim and others (1962). Ages are
based on Ross (1964).
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described the Opd and Ope units of the Pogonip Group in the
Arrow Canyon Range (Pierce, 1967).

Pierce described

numerous fossil species and described stratigraphic sections
of the Opd and Ope units.

He measured the Opd unit to be 86

meters thick, which is very close to the thickness that I
measured in this study.
For the purposes of this study, the most interesting
feature of the Opd Unit is the presence of bioherms.

These

bioherms are visually distinctive from the rocks surrounding
them and contain a high percentage of carbonate mud.
Calathium is the dominant macrofossil contained in the
bioherms.

Ordovician bioherms similar to those in the Arrow

Canyon Range have been documented in several other
localities in North America.
In southern Nevada, lowermost Middle Ordovician
bioherms have been described at Meiklejohn Peak (Ross and
others, 1975) and at Aysees Peak (Ross and others, 1961).
These mudmounds are much larger than those found in the
Arrow Canyon Range and contain no Calathium.
Calathium-bearing bioherms have been documented in
western Utah (Church, 1974), southern New Mexico (Clemons,
1989, 1991), west Texas (Toomey, 1970) and southwestern

oklahoma (Toomey and Ham, 1967).

The bioherms described by

these authors are all Lower Ordovician and structurally and
compositionally similar to those in the Arrow Canyon Range.
A later section of this thesis compares these bioherms.

10

Objectives

The objectives of this thesis are to: (a) describe the
lithology and paleontology of the Opd Unit of the Pogonip
Group in the Arrow Canyon Range, (b) interpret the
depositional environments of the unit, (c) interpret the
paleoecology of the bioherms occurring in the unit, and (d)
evaluate the significance of these bioherms in the evolution
of North American Paleozoic reefs.

11
METHODS AND DESCRIPTIONS

Methods

Primary field work was done on the western slope of the
Arrow Canyon Range.

Numerous field excursions were made to

the area, and three stratigraphic columns were measured with
a Jacobs staff and Brunton compass near the area of London
Gulch (Fig. 5 and Plate 1).
were studied in less detail.

Areas adjacent to the columns
Each measured section extends

through the thickness of the Opd Unit, and the sections are
separated from each other by approximately one half
kilometer.

Lithologies and sedimentary structures of each

section were described and photographed.
contains a detailed column description.

Appendix C
Approximately sixty

rock samples were collected at irregular intervals.
Bioherms were studied both in the measured sections and in
the intervening areas.
Thin sections made from the rock samples were described
and analyzed along with their corresponding hand specimens.
Acetate peels made from ten percent of the rock samples were
also analyzed.
Eight rock samples taken from different mounds
throughout the study area were serial sectioned into 74 onecentimeter-thick layers in order to complete a volumetric
analysis of the mound rock components (Appendix A).

This
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analysis was accomplished by measuring the total surface
area of each component on each of layers and summing these
areas for the entire set of layers of a given rock sample to
get a close approximation of the percent volume of each
component in the rock sample.

Half of the samples were

sectioned horizontally and the other half vertically.

Calathium orientations were also measured from the serial
sections and used as paleocurrent indicators.

Rock Descriptions

The rocks of the Opd unit were described in hand
specimen and in thin section with a petrographic microscope.
I used Dunham's (1962) classification scheme of carbonate
rocks (Fig. 6) for my rock descriptions.

Photographs of all

fossils identified during this study are located in Appendix
B.

The Opd Unit contains seven major rock types.

Nuia grainstone/packstone
Nuia grainstones and packstones are the most common
rock type found in the Opd Unit and make up the bulk of the
section.

Figure 7 illustrates typical examples.

These rocks are medium gray, clast-supported
grainstones with Nuia as the dominant allochem.

Nuia is a

cylindrical probable alga that reaches up to 3 mm long and
0.5 mm across (Ross and others, 1988).

It has a dark

14

Oeposltional

Component. a no< bOUnd

textur-e recognizable

t.ext ure
not

Lacks mud

corrponent.s
were bound

r"CCOQI"''r2abiQ

GraIn-

ond
graIn-

deposition

supported

support.ed

Packstone

Go-a I nst.one

Con'f.nins mud
Mud-supported
<10% QI"'U 1 ns

:--1091;; gralr.s

Mudst.one

Wackestone

Oll'llpos I 'tIona I

Or-Iginal

durIng deposit ron

,.

dur'" 1n9

Crysta I 1 1 ne
Soundst.one

cart::n::>na"te

Figure 6. Dunham's (1962) classification of carbonate
rocks, used in this study.

central canal that comprises approximately one fourth of the
diameter.

Prismatic fibers radiate out from the central

canal to form the bulk of the fossil.

This structure, when

cut transversely, can easily be mistaken for an ooid.

In

this rock type, Nuia fragments constitute up to nearly 100
percent of the grains.

Other allochems are present in

varying minor quantities; listed in order from most to least
common, these include crinoids, trilobites, intraclasts,
gastropods, Calathium, brachiopods, and cephalopods.

The

matrix of the grainstones is sparry calcite filling in the
spaces between the grains.

The packstones contain some mud

matrix.
Chert is often present, ranging from small blebs to
stringers up to 10 em thick and 1 meter long.

15
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A

B
Figure 7. Nuia grainstonefpackstones. A) Hand specimen.
B) Photomicrograph. Bar is 1 mm. Nuia fragments are
cylinder shaped objects with dark central canals.
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Recrystallization and alteration are ubiquitous in the rocks
of the Opd unit and stylolites are present in nearly all
samples. Pyrite inclusions and dolomite rhombs are also
common.

Nuia-crinoid grainstone/packstone
These rocks are dark gray to medium gray, clastsupported grainstones with Nuia and crinoids in
approximately equal abundance, up to 45 percent of the total
allochems each (Fig. 8).

crinoid columnals and other

fragments up to 1.5 em across can be seen.

Trilobite

fragments and intraclasts are the most common minor
constituents.

The matrix is composed of sparry calcite in

the grainstones with mud found in small quantities in the
packstones.

stylolites, pyrite inclusions, and dolomite are

present in most samples.

Intraclastic grainstone/packstone
Intraclasts are the principal allochem in this dark
gray to medium gray, clast-supported grainstone (Fig. 9).
The intraclasts average approximately 1-3 em long
(occasionally much larger) and are normally well rounded.
The intraclasts are composed of a variety of rock types but
are most generally Nuia grainstones and packstones and
bioclastic wackestones.

The intraclasts are often composed

of fragments of the rock type directly underlying the

17

A

B
Figure 8. Nuia-crinoid grainstonejpackstones. A) Hand
Specimen. B) Photomicrograph. Bar is 1 mm.

18

A

Figure 9. Intraclastic grainstone/packstones. A) Hand
specimen. B) Photomicrograph. Bar is 1 mm.
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intraclastic grainstone and are most likely rip-up clasts.
Fragments of crinoids, Nuia, trilobites, and gastropods are
commonly present in small amounts.

Clean calcite cement

makes up the matrix, although mud in various amounts can be
present.

These rocks will also be called intraformational

conglomerates in this paper.

Mudstone
The mudstones of the Opd are dark gray to medium gray,
fine-grained, and mostly free of discernable bioclasts (Fig.
10).

They show finely laminated to massive texture and

sometimes are shaly.

They occasionally have a "pellet-like"

appearance with the mud concentrated in large elongated
masses.

These masses may be pellets or possibly a result of

extensive bioturbation.

The mudstones often show evidence

of bioturbation, destroying original bedding.

Burrows are

sometimes visible in thin section and hand specimen;
stylolites are common.

Fenestral fabric mudstone
This mudstone is separated from the other mudstones of
the Opd Unit because of its distinctive fenestral fabric
(Fig. 11).

It is medium gray and finely laminated.

calcite-filled openings up to 1.5 em across pervade the rock
and are generally elongated in a vertical direction,
perpendicular to the laminations.

Stylolites are common.

20
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Figure 10. Mudstones. A) Hand specimen.
micrograph. Bar is 1 mm.

B) Photo-

21

A

Figure 11. Mudstone with fenestral fabric. A) Field photo.
Rock hammer for scale. B) Photomicrograph. Bar is 1
mm.
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These rocks form a distinctive marker bed in the Opd Unit
approximately 63 meters from the base which was used to
correlate the three measured sections (Plate 1 and Appendix
C) •

Bioclastic wackestone
These light gray to medium gray, matrix-supported
wackestones occur exclusively in the bioherms.
this rock type are illustrated in Figure 12.

Examples of
The matrix is

nearly 100 percent massive mud with occasional calcitefilled cavities.

By far the most common bioclasts found in

this rock are Calathium, which average 14.8 percent of the
volume of the rock.

Other bioclasts make up 0.8 percent of

rock volume and include crinoids, trilobites, bryozoans,
gastropods, Nuia, and cephalopods.

Sponges are possibly

present in these rocks also, but only a few possible sponge
spicules were noted in the rocks.

As discussed in more

detail below, the muds in these rocks are possibly bound by
algae or cyanobacteria.

I found no direct evidence of this

binding, however, so the term boundstone was not applied to
these rocks.

Crystalline carbonate
The last identified rock type of the Opd Unit is
crystalline carbonate (Fig. 13).

crystalline carbonates

have been so heavily recrystallized that the original

23

Figure 12. Bioclastic wackestones. These rocks are found
in the bioherms. A) Hand Specimen. Note several
Calathium present in the sample, including both conical
and goblet-shaped forms. B) Photomicrograph. Cross
section of a Calathium with a mostly mud matrix. Bar
is 1 mm.
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A

Figure 13. crystalline carbonate. A) Hand specimen.
B) Photomicrograph. Note lack of any recognizable
structure or clast. Bar is 1 mm.
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textures and constituents cannot be recognized.

crystalline

carbonates occur sporadically throughout the Opd Unit.

The

rocks are made up of calcite crystals ranging in size up to
0.5 mm across.

Occasionally they show banding of varying

sized crystals parallel to original bedding planes.
original constituents can rarely be identified.

In some

samples dissolution pores permeate the rock and
stylolitization is extensive.

Stratigraphic Column Description

The Opd unit of the Pogonip Group in the Arrow Canyon
Range is a slope-forming carbonate lying between the cliffforming Ope and ope Units (Fig. 2).

Three stratigraphic

sections, designated Columns A, B, and C, from north to
south, were measured and described.

These three measured

sections are located on the western slope of the Arrow
Canyon Range (Fig. 5).

The Arrow Canyon Range is on the

western flank of the Arrow Canyon syncline, whose axis runs
roughly north-northeast along the eastern side of the Arrow
Canyon Range and plunges to the north (Longwell and others,
1965).

Bedding in the study area strikes N22W and dips 22

degrees to the northeast.
The three measured stratigraphic columns are
illustrated in Plate 1.

A detailed description of Column c,

with supplemental information from the other columns, is

26

presented in Appendix c.

Figure 14 is a generalized

stratigraphic column of the opd Unit.
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DEPOSITIONAL ENVIRONMENTS

Paleogeography

During the Early Ordovician the North American
continent straddled the equator and the study area was
located at approximately 10° south latitude (Fig. 15)
(Scotese and McKerrow, 1990).

This means that at the time

of deposition of the Opd unit the setting was tropical.
Most of North America was submerged, and the bulk of the
exposed landmass was in central and eastern Canada and
Greenland.

This mass extended in a southwest-trending thin

belt from the present day western Great Lakes area to
northeastern Arizona (Fig. 15) (Witzke, 1990).
Southeast and west northwest of the exposed landmass
were broad shelves or ramps covered by shallow water, as is
recorded in the distribution of Lower Ordovician shallowwater lithofacies (Fig. 16) (Ross, 1976).

Stricker and

Carozzi (1973), Carozzi (1989), and Ross and others (1991)
have interpreted the southern Nevada area to have been a
shallow, westward-to-northwestward-deepening ramp.

This was

the general setting in which the Opd Unit was deposited.
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Figure 15. Position and orientation of the North American
continent during the Early Ordovician. The stippled
area represents exposed landmass. From Scotese and
McKerrow (1990) and Witzke (1990).
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Figure 16. Generalized Ordovician lithofacies of the
western u.s. and northern Mexico. From Ross (1976).
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Depositional Environments of the Opd Unit

The results of this study indicate that the rocks of
Opd Unit exposed in the Arrow Canyon range were deposited in
a shallow-water, high-energy, subtidal tropical marine
environment.

Nuia and Nuia-crinoid shoals developed on a

carbonate ramp and carbonate mudmounds emerged on or near
these shoals.

The area was frequently disturbed by storms.

Figure 17 summarizes my interpretation of the depositional
setting.

This interpretation is based on:

1. the predominance of grainstones in the rock
sequence,
2. fossil assemblages,
3. the omnipresence of Nuia,
4. recurring intraformational conglomerates,
5. lateral relationships to other similar sequences,
and
6. the position in the overall Early Ordovician
environmental scheme as interpreted by others.
Other than horizontal bedding, sedimentary structures in the
rocks of the study area are scarce.

some of the mudstones

have retained their laminar bedding, but most sedimentary
structures have been destroyed by extensive bioturbation,
recrystallization, and stylolitization.
There are several indicators that the Opd unit was
deposited in a shallow-water marine environment.

The fossil
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assemblage found in the unit includes brachiopods, crinoids,
and nautiloids.

These are all members of a stenohaline

marine biotic community (those with a low tolerance for
salinity conditions other than normal marine) (Wilson and
others, 1983).

This indicates that the depositional setting

was a marine environment with good circulation.

The

presence of Nuia and Calathium, both of which'are considered
to be algae (Nitecki, 1986; Ross and others, 1988),
indicates that the depositional environment was in the
photic zone, which extends no deeper than about 100 meters.
I believe the area was much shallower than this, however,
because the overall lack of mud in the section indicates
winnowing due to wave action.

This suggests that the

sediments were deposited above fair-weather wave base, where
such winnowing could take place.

Winnowed shoals and open

platform facies (facies 6 and 7 of Wilson, 1975) typically
occur in water less than ten meters to a few tens of meters
deep.
The location of the study area also points to
deposition in shallow water.

The study area falls in the

proximal part of the shallow-water Lower ordovician
lithofacies of the western United States as shown in Figure
16.

Numerous authors have interpreted the depositional

environment of the southern Nevada area to have been one of
shallow-water marine during the Early ordovician (Church,
1974; Ross, 1976; Webby, 1984; Carozzi, 1989).

My
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interpretation of shallow-water deposition of the Opd Unit,
therefore, fits the overall model of Early Ordovician
sedimentation in the western United States.
A relatively high-energy depositional regime is
indicated for the sequence of the Opd Unit.

The

preponderance of Nuia grainstones is indicative of highenergy deposition.

The clean nature, relatively low clast

diversity, and good sorting of these grainstones was
produced by an environment of constant wave or current
action (Wilson, 1975).

Ross {1988) showed that Nuia thalli

are commonly branched, but that these branched thalli are
preserved only in low-energy depositional environments; in
higher energy environments the branched thalli are abraded
and rounded, destroying evidence of the branching growth
form.

The Nuia grainstones of the study area contain Nuia

fragments that are typically rounded {Fig. 7 and Appendix
B).

I found no branching forms.

Intraclasts in the

intraclastic grainstones of the Opd Unit are also well
rounded {Fig. 9), indicating significant reworking after
initial deposition.
A subtidal depositional environment is indicated by the
fact that features typical of intertidal and supratidal
environments are absent in the Opd Unit.

These include

paleosol zones, caliche horizons, evaporites such as salt
crusts, anhydrite or gypsum, desiccation polygons, root
marks, meniscus or stalagtitic vadose-zone cements, algal
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laminations, and relatively quartz-rich eolian sands
(Esteban and Klappa, 1983; Inden and Moore, 1983; Scoffin,
1987; James and Choquette, 1989).
The exception to a subtidal environment in the
deposition of the Opd sequence is a mudstone with fenestral
fabric that occurs at 63 meters above the base of the
measured section (Fig. 11, Fig. 14, Plate 1, and Appendix
C).

Fenestral fabric or "birdseye structure" in carbonate

mudstones has important environmental significance in that
it is an indicator of a supratidal or intertidal environment
of deposition (Shinn, 1968).

There are two types of

birdseye structure recognized in carbonate rocks, and both
require exposure to air to be produced.

The first type

consists of planar isolated calcite-filled voids that
typically align themselves with bedding surfaces.

These

structures are produced by shrinking and swelling of the
sediments caused by alternating wetting and drying.
The second type of birdseye structure are isolated
calcite-filled vugs that are interpreted to be produced by
gas bubbles.

Likely sources for the gas is decaying organic

matter or trapped air which rises to the surface when dried
or partially dried sediment is rewetted (Shinn, 1968).

This

is the type of fenestral fabric present in the Opd unit.
Preservation of these features only occurs in high
intertidal or supratidal environments (Shinn, 1983).

This

suggests that at the time of deposition of the fenestral
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mudstone of the Opd unit, supratidal or intertidal
conditions were present.
In general, carbonate production progressively
increases toward lower latitudes (Reading, 1978), and most
modern carbonate buildups occur in tropical and subtropical
zones such as Belize, the Bahamas, and the Persian Gulf.
The position of the North American continent during the
Early Ordovician was in the tropical zone (Fig. 15).
Carbonate sedimentation of the type that produced the Opd
Unit is consistent with such a tropical latitude.

carbonate

mudstones are not found in temperate environments but are
common in tropical environments (Scoffin, 1987).

The Opd

contains mudstones.
The carbonate mudmounds that developed in the system
and were preserved as the bioherms of the Opd Unit will be
discussed in detail in the next section.
The recurrence of coarse-grained, intraclastic
grainstones and packstones of the Opd Unit provide evidence
that its depositional environment was one that was disturbed
by storms.

The bases of these intraformational

conglomerates are often sharp and erosive (Fig. 18),
indicative of scouring under very high energy conditions.

Scour surfaces are commonly recognized as being associated
with storm events (Aigner, 1985, Clemons, 1991).
As noted in the rock descriptions section, the clasts
of the intraformational conglomerates are often composed of
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Figure 18. Intraformational conglomerate overlying a finer
grained rock. Note that in both the hand specimen and
the photomicrograph the boundary is sharp and erosive
and there are clasts of the underlying rock in the
conglomerate. Bar on photomicrograph is 1 mm.
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the same rock type as the layer underlying the conglomerate
(Fig. 18),

These are clasts that were ripped up by storm

waves and were then incorporated into the intraclastic
grainstones.

The fact that these clasts retained their

integrity when ripped loose from their original beds
indicates that some cementation of the original beds had
already occurred.

This implies some degree of solidity in

the underlying bed and would require a high-energy event
like a storm to break this layer apart.
Paleocurrent information for the depositional
environment of the Opd Unit is sparse.

There is no cross-

bedding, and the intraformational conglomerates do not
contain imbricated clasts suitable for orientation analysis.
The only paleocurrent indicator I found was the orientations
of calathium in the bioherms.

In some specimens of

Calatbium it was possible to measure the long axis, but I
could not determine the direction of the top of the
organism; in other specimens I could determine both the
long-axis orientation and the top of the organism.

For this

reason, two sets of orientations of Calathium were measured.
In one set, the top of the organism could be identified, so
a unidirectional orientation (045°, for example) was

measured.

In the other set of data collected only the long

axis of each Calathium could be determined so a
bidirectional measurement (045°/225°, for example) was
taken.

Figure 19 shows rose diagrams representing a summary
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Figure 19. Rose diagrams representing orientations of
calathids in the biohermal rocks. A) Unimodal data.
B) Bimodal data.
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of these measurements.

Mean directions were obtained for

each data set using the following equation (from Davis,
1986):

D

= (

~

sin 9 ) 1 (

~

cos 9 )

where

D = Mean direction
9

=

Orientation measurement

The mean resultant length, which is a measure of the
dispersion of the data, was also calculated using the
following formula (from Davis, 1986):
L

= ( V( (

I:

cos 9 ) • +

L

= Mean

9

= Orientation

n

=

I:

sin 9 ) 2

)

)

1 n

where

resultant length
measurement

number of observations

Mean resultant length varies from zero to one.

A value

close to zero indicates that the data are widely dispersed,
while a value close to one indicates that the data are
tightly bunched (Davis, 1986).

Table 1 presents a summary

of the orientations measured on the Calathium.

Table 1.

summary of Calathium orientations.
n = number of observations, D = mean direction,
L = mean resultant length.

Data set

n

Unidirectional

104

Bidirectional

35

045

.291

0361216

.185

41

Based on the values for n and L, I determined whether
the orientation measurements were statistically significant
or random, using on a table provided by Mardia (1972).

At n

= 100, the unidirectional data are statistically significant
at a 99% level of confidence.

This indicates that the

Calathium are not randomly oriented.
orientation toward 045°.

They have a preferred

Although the bidirectional data

are oriented in a direction similar to that of the
unidirectional data, statistically the data are not
significant, even at a 90% confidence interval and must
therefore be considered random.

This is due, in part, to

the relatively small sample size for the bidirectional data
(n=35).

As discussed in a later section, the Calathium
specimens tend to be upright and are often attached with a
holdfast to the underlying sediment.

The preferred

directional orientation of Calathium is interpreted to be
the direction in which the Calathium skeletons were
physically oriented by currents.

Seilacher (1986)

demonstrated that cone-shaped bodies similar to the shape of

Calathium will align themselves with apices pointing into
the current.

Dixon (1970) also found that straight

nautiloids have a preferred orientation was with the apices
of the cones pointing into the current.
The Calathium in the Opd Unit have a preferred
orientation of 045°.

Given the rotation of the North
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American continent since the Early Ordovician (see Fig. 15),
this translates back to an Early Ordovician current flowing
eastward to slightly southeastward.

This is generally

subparallel to the coastline present in the area during
Early Ordovician.

The source of this paleocurrent is

unknown, but it could represent longshore currents or the
predominant direction of storms passing through the area.
Each rock type found in the Opd unit can be associated
with a specific portion of the depositional environment
described above.

such associations will be useful in

discussing the overall depositional history of the columns.
The Nuia and Nuia-crinoid grainstones were deposited in
the shoal environment.

As discussed above, the well rounded

clasts and general lack of mud are indicative of the shallow
water and high energy present in a shoal environment.

The

shoals were dominated by Nuia and crinoids, as is reflected
by the preponderance of those clast types in the rocks.
The presence of mud in the Nuia and Nuia-crinoid
packstones reflects slightly deeper andfor lower-energy
conditions than the grainstones.

These were deposited

slightly off the shoals, either behind or in front.

The

source of the clasts was the shoals.
The intraclastic grainstones and packstones are the
result of storm deposition.

The storms produced the

erosional surfaces found throughout the Opd Unit and
supplied the intraclasts by ripping up cemented or partially
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cemented bottom sediments.

These clasts were then reworked

in the shoal and offshoal environments, rounding the clasts
and removing much or all of the mud that may have been
deposited by the storm as well.

This reworking also

destroyed any classic fining-upward sequences often
associated with storm deposition (Aigner, 1985).
The bioclastic wackestones (biohermal rocks) were
produced in the mudmounds.

These mudmounds grew on the

shoals, and their depositional environment and paleoecology
will be discussed in greater detail in the next section.
The mudstones and shales represent relatively quietwater deposition; they formed in the lows behind or between
shoals.

These areas, protected by the shoals, were of lower

energy conditions, allowing fine sediments to be deposited,
often as laminations (Wilson and Jordan, 1983).

Fossils are

uncommon and consist mainly of trilobites. Some mudstones
show extensive bioturbation, however (Fig. 20).
were found only in the mudstones.

Ostracods

Low fossil diversity

indicates a more restricted environment (Enos, 1983; Wilson
and Jordan, 1983), supporting the interpretation that the
mudstones and shales were depositedde in a protected setting
and not open marine with good circulation.

Also, the

mudstones are more common in the upper portion of the
stratigraphic column.

This portion of the column also

contains the fenestral mudstone, an indicator of supratidal
or intertidal conditions.

This association supports the
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A

Figure 20. A) Rock specimen showing extensive bioturbation.
The lens cap is 5 em across. B) Photomicrograph
showing a mudstone with a calcite filled burrow. Bar
is l mm.
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idea that the mudstones were deposited in a shallow,
protected environment behind the shoals rather than a deepwater, foreshoal environment.
The crystalline carbonates cannot be associated with a
specific depositional environment because their original
depositional texture has been destroyed.
The sequence of rock types in the Opd unit presents a
history of depositional environments.

The sequence

indicates several transitions between the shoal and back- or
between-shoal environment.

An overall shallowing-upward or

deepening-upward sequence is not indicated, although the
only evidence of exposure is toward the top of the sequence,
as represented by the fenestral mudstone.

The entire

Pogonip Group of the Arrow Canyon range has been interpreted
as being deposited in relatively stable conditions, neither
shallowing-upward or deepening-upward, but with pulses in
both directions (Pierce, 1967; Stricker and carozzi, 1973).
My interpretation of the deposition of the Opd Unit supports
this conclusion.
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MOUND PALEOECOLOGY

Guild Concept

In the discussion of mound and reef paleoecology,
Fagerstrom's (1987) guild concept for the description of
reef communities is useful.

This concept separates the

organisms that make up the reef or mound community into
guilds depending on the organism's role in that community.
The guild concept will be used in my discussion of the
bioherms of the Opd Unit and when comparing these bioherms
to other buildups.

Fagerstrom (1987) defined the following

five guilds in reef communities:
1. Constructor.

This guild contains the organisms

responsible for building the reef or mound.

They are

responsible for the development of a reef framework, if
present, or are the reason mud is present and stays in
mounds.

Without the constructor guild, the reef or

mound would not exist.
2. Binder.

As their name implies, binders bind all of

the various organic and inorganic elements that are
present in reefs and mounds, including both framework
and internal sediments.
3. Baffler.

The organisms of this guild project up

from the surface of the reef or mound and reduce the
velocity of the surrounding current, causing sediments
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to drop out of suspension that would not have if the
current had not been altered.

This provides fine-

grained sediments to the reef or mound complex.
4. Destroyer.

These organisms are responsible for the

destruction of the reef framework or mound integrity.
Organisms that bore, rasp, or burrow into the reef or
mound are included in this guild.
5. Dweller,

The dwellers make up the "residue" of

organisms not included in the other guilds.

They play

a rather benign role in reef development because they
are neither builders nor destroyers of the reef or
mound structure.

This does not mean they are not an

important part of the reef or mound ecology however.
It is important to understand that any given organism may be
included in more than one guild at the same time.

In other

words, an organism could act as a constructor, binder, and
baffler all at the same time (Fagerstrom, 1987; Fagerstrom
and others, 1988).

In the following discussion I will be

mainly discussing the reef-building guilds, which include
the constructor, baffler, and binder guilds.

Opd Unit Bioherms

The bioherms found in the Opd Unit occur in three
layers that are traceable across all three measured columns.
Bioherms also occur in several additional layers that are
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not contiguous across the columns (Plate 1).

The bioherms

are composed of light gray bioclastic wackestones that are
visually distinctive from the surrounding darker, coarsergrained rocks.

Calathium skeletons are the dominant

bioclast found in the bioherms, so a discussion of this
organism is warranted.
Calathium is a problematical organism presently grouped

with the receptaculitids (Nitecki, 1986).

Calathids are

cone shaped and range up to 10 em tall (Fig. 21).

Their

growth position was with the apex of the cone down, and many
specimens show a holdfast at the bottom of the cone that
attached to the sea floor (Fig. 22).

They have inner and

outer porous walls that are joined by a series of meromes.
The pores form a distinctive regular pattern on the outer
wall (Appendix B).

There is a striking resemblance between

Calathium and many archaeocyaths, which has led to

speculation about a possible genetic relationship (Nitecki
and Debrenne, 1979; Nitecki and others, 1981), but the most
recent conclusion is that this resemblance is not
homological and that receptaculitids (including Calathium)
are not related to archaeocyaths (Nitecki, 1986).

Calathium

bears little outward resemblance to other receptaculitids,
but their internal structure is very similar, leading to
their classification together.

The series of meromes that

connect the inner and outer walls of Calathium (Fig. 23 and
24) are structurally nearly identical to meromes of other

Figure 21.

Large Calathium.

Lens cap is 5 em across.

UNA I

C:M
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22.

Handspecimen

holdfast at the base.

showing

large

Calathium with a

Figure 23. Photomicrograph of a calathium. Note the rnerornes
connecting the inner and outer walls. Bar is 1 rnrn.
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~
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Figure 24.
Photomicrograph of a Calathium. The spongelike
overgrowth is clearly part of the organism. Bar is 1 rnrn.
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receptaculitids.
The walls of Calathium are often coated with a spongelike layer.

This coating has been alternatively interpreted

as an overgrowth by epibionts (Church, 1991) and an
outgrowth or process of the organism itself (Nitecki and
others, 1981; Guo, 1983).

In the Calathium specimens from

the Arrow Canyon Range, these outgrowths are clearly a part
of the organism and not an overgrowth by other organisms as
indicated by the lack of a boundary between the various
parts of the organism (Fig. 24).
The calathids of the Arrow canyon Range belong to the
species Calathium bimuralis Myagkova (1981).

Church (1991)

identifies a new species of Calathium in the bioherms of
western Utah.

This species, Calathium yersini, differs from

other calathids in that it has an annulated outer wall.
This species is not found in the Arrow Canyon Range.
The bioherms are a result of deposition on carbonate
mudmounds growing on the Nuia and Nuia-crinoid shoals
discussed in the previous section.

The bioherms are

generally small, ranging from less than 1 meter in all
dimensions to up to 3 meters tall and 5 meters across (Figs.
25 and 26).

They average approximately 1 meter high by 1.5

meters across and are roughly circular in plane view.

The

mounds had positive relief above the surrounding sediments.
They were composed mostly of lime mud that is presumed to
have been bound by microorganisms.

Skeletal remains of a
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Figure 25.

Small bioherm.

Rock hammer is 33 em tall.

Figure 26. Largest bioherm found in the study area, located
75 meters above the base of Column B.
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variety of organisms are found in the bioherms, including

Calathium, trilobites, crinoids, bryozoa, gastropods, and
brachiopods.

Calathium skeletons are by far the most

conspicuous fossils in the mounds.
Direct evidence of microbial binding of the mud in the
mudmounds is lacking.

There is much circumstantial

evidence, however, to support the conclusion that the mounds
were bound by microorganisms.

Although calathids are very

common and conspicuous in the mudmounds, the volumetric
analysis of the bioherm rocks (discussed in the methods
section) indicates they composed on average only 14.8
percent of the total volume of the mounds (83.4% of the
mound volume is mud), not enough to form a framework for
trapping mud (Table 2 and Appendix A).

serial sections of

the bioherm rocks show Calathium positions in the bioherms
and these positions indicate that they were not a framework
builder in the mounds (Fig. 27).

This conclusion is

confirmed by the fact that in the bioherms of the lowermost
mound horizon of the Opd unit Calathium is completely absent
(Plate 1) with the exception of two Calathium present in one
mound at the north end of the study area.

Calathid

skeletons do not appear in significant numbers until the
next mound horizon was deposited.

The bioherms of this

lowermost biohermal bed do not appear any different from
those higher in the section except for the absence of

Calathium.

This leads to the conclusion that some other
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Four consecutive serial sections of a bioherm
Calathium clearly do not form a framework.
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organism was binding and constructing the mudmounds.
Although Calathium was not a member of the constructor
guild, it may have acted as a baffler and aided in trapping
muds that were then bound by other organisms.

Table 2.

Volumetric percentages of mound rocks.
Calathium

Minimum
Maximum
Minimum
Maximum

Single cut
Single Cut
Rock sample
Rock Sample

Overall Average

Spar

Matrix

Other

o.o

38.6
4.1
24.9

7.2
0.2
4.4

54.2
100.0
70.0
94.0

0.0
7.8
0.0
2.7

14.8

1.0

83.4

0.8

o.o

The muds that compose the majority of the mounds may
themselves be evidence of microbial presence.

Coniglio and

James (1985) demonstrated that calcified algae were a major
sediment contributor to early Paleozoic limestones.

Wyatt

(1978), in his study of Lower Ordovician carbonate mud
mounds in Utah, discussed the possible contribution of
decomposing algae to the muds of the mounds; the source of
the muds in the bioherms may have been the microorganisms
that constructed them.
The bioherms are found directly on top of and next to

Nuia and Nuia-crinoid grainstones and intraclastic
grainstones.

This indicates that growth of the mudmounds

was occurring in the relatively high-energy environment that
produced the grainstones.

Such an environment would
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typically remove the muds unless the muds were being bound
by some process relatively quickly.
The mudmounds had relief above the surrounding
sediments,

The boundaries between the bioherms and the

grainstones above and lateral to them are sharp, indicating
deposition at different times (Fig. 28).

Also, fragments of

the biohermal rocks can be found in the surrounding
grainstones, suggesting that the mudmounds preceded the
grainstones at a given stratigraphic height (Fig. 28).

When

bioherms are located closely to one another, draping of the
grainstones between them can sometimes be seen, indicating
that the mudmounds had relief (Fig. 29).

Lastly, the

grainstones beneath a few of the bioherms show downwarping,
evidence of positive relief for the mudmounds (Fig. 30).
All of this evidence points to a conclusion that the
mudmounds grew up above the surface, and not down in
protected lows.

They would have been exposed to high-energy

regimes and must have been bound in order to remain intact.
There are small calcite-filled cavities present in the
bioherms and some of these cavities have geopetal sediments
in them (Fig. 31).

The sediments forming the roofs of these

cavities must have been bound in some manner or they would

have collapsed into the cavity.
The evidence clearly points to early binding of the
mudmounds.

The binding microorganism in the mudmounds is

unknown because no direct evidence could be found in thin
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Figure 28. Photo of a bioherm showing the sharp boundary
between the bioherm and the surrounding rock. Also
note the clasts of bioherm (light gray) present in the
grainstone to the immediate right of the bioherm. Rock
hammer is 33 em tall.

Figure 29. Sediments draping between two closely spaced
bioherms. Rock hammer is 33 em. tall.
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Figure 30.

Downwarping of sediments beneath a bioherm.

Figure 31. Cavity in bioherm with geopetal sediment.
is 1 mm.

Bar
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section or hand specimen.

The evidence for microbial

binding may have been destroyed by bioturbation or
recrystallization.

Renalcis and Epiphyton have been found to not co-occur
with Nuia (Toomey and Klement, 1966; Alberstadt and
Repetski, 1989).

Because Nuia is so common in the Opd Unit,

Renalcis and Epiphyton are eliminated as binding agents for
the mudmounds.

Girvanella has been identified in Lower Ordovician
mudmounds of Texas and New Mexico (Toomey, 1970, Clemons,
1989).

This is a possibility for the Arrow canyon Range

mounds as is some other unknown microorganism.
The overall depositional setting and paleoecology of
the bioherms of the Opd Unit is of a carbonate mound
composed mainly of mud that was bound by an unknown agent,
probably algae or cyanobacteria.

Calathium lived on these

mounds and possibly contributed to the development of the
mounds by baffling fine-grained sediments which were then
bound into the mound.

Trilobites, crinoids, bryozoa,

gastropods, and brachiopods made up the rest of the mound
community as members of the dweller guild.

Figure 32 shows

a graphic representation of the Opd Unit mound community

. using Fagerstrom's (1988) guild concept.
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Baffler
Ca!athium

Diagenesis

Fossil Reef

Diagenesis

Community

Dweller
Trilobites, gastropods,
crinoids, brachiopods,
nautiloids, and bryozoa

Death

Destroyer
None identified

Figure 32. Guild diagram of the bioherms of the Opd Unit
showing organisms assigned to the various guilds.

61

COMPARISONS AND DISCUSSION

Other Ordovician Buildups

Lower and Middle Ordovician rocks have been described
and interpreted in numerous parts of the North American
continent, and many of these studies document rocks similar
in nature to those of this study.

Figure 33 shows the

locations of these studies throughout North America, and
Figure 34 provides a comparative summary of the Lower and
Middle Ordovician North American bioherms and buildups
discussed below.

Western Utah
Western Utah contains facies very similar to those in
the Arrow Canyon Range.

Church (1974, 1991) describes

Calathium bioherms that occur in the Lower Ordovician
Fillmore Formation, which is part of the Pogonip Group as
defined in western Utah.

The bioherms are similar in height

to those in the Opd Unit but are more elongate, ranging up
to 30 meters in length (Church, 1974).

In his 1991 paper,

Church states that the mound zones were biostromes and that
the Calathium mounds growing there were circular with an
average one-meter diameter.

They grew in a medium to high-

energy, shallow-water environment similar to the environment
I have interpreted for the Opd Unit.

Calathium dominates

62

~.

~

,, .

~~<'7'
=

Figure 33. Map showing locations of work by various authors
discussed in this study. A. Meiklejohn Peak, Nevada
(Ross, 1961, 1975). B. Arrow Canyon Range, Nevada
(this study). c. Western utah (Church, 1974, 1991)
D. West Texas and southern New Mexico (Toomey, 1970;
Clemons, 1989, 1991). E. Southern Oklahoma (Toomey and
Ham, 1967) F. Southeastern United States (Alberstadt
and Repetski, 1989). G. Newfoundland (Pratt and James,
1982) •
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Figure 34. Summary comparison of selected Early and Middle
Ordovician carbonate buildups in North America. Fossil
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these mounds, but anthaspidelid sponges are also common.
These two organisms belong to the baffler guild and possibly
the constructor guild.

Church also noted the presence of

stromatolitic algae at the bases of the bioherms and
identifies Tubiphytes throughout the mounds.

Tubiphytes

ranges in age from Mississippian to Cretaceous (Riding and
Guo, 1992), so Church has probably made a misidentification
of this microorganism.

The stromatolitic algae and the

other unidentified microorganism were both binding and
constructing organisms.

West Texas. New Mexico. and Oklahoma

Calathium mounds also occur in the Lower Ordovician
McKelligan Member of the El Paso Formation of west Texas,
southeastern New Mexico, and southwestern Oklahoma.

The

McKelligan Member mounds have been described by Toomey
(1970) and Clemons (1989, 1991).

The mounds in southwestern

Oklahoma were described by Toomey and Ham (1967).

These·

mounds are also generally small and contain abundant

Calathium.

However they also contain Girvanella,

Archaeoscyphia (a siliceous lithistid sponge), and minor
Pulchrilamina spinosa.

Pulchrilamina is a massive colonial

organism believed to be a primitive coelenterate; it
produced structures resembling stacked, wavy hemispheroidal
stromatolites (Pulchrilamina does not occur in the Opd Unit
of the Arrow Canyon Range).

Calathium and Arohaeoscyphia
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acted as bafflers and possibly constructors.

Both the

Pulchrilamina and the Girvanella acted as binding agents and
constructors for the mounds.

Clemons (1989,1991) interprets

these mounds to have formed on a shallow, southwarddeepening ramp with an east-west trending paleoshoreline
located to the north.

Toomey (1970) believes the mounds

were deposited in calm water, in contrast to my
interpretation of the environment of deposition of the Opd
Unit.

Newfoundland
Rare Calathium occur in cryptalgal-metazoan bioherms of
Lower Ordovician age in Newfoundland described by Pratt and
James (1982).

The main constituents of these mounds were

Renalcis, Lichenaria (a primitive coral), and thrombolites.
Lichenaria acted as a baffler and possible constructor.
Because of its scarcity, Calathium would have acted as a
baffler at most and may have been simply a dweller.

Renalcis and the organisms responsible for the thrombolites
acted as binders and constructors.

These bioherms have been

interpreted to have been deposited in a shallow-water,
medium- to high-energy subtidal environment.

southeastern u.s.
Lower Ordovician sponge-algal mounds occur in
Mississippi, Alabama, Tennessee, and Arkansas (Alberstadt
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and Repetski, 1989).

These mounds contain no Calathium.

Algae, including Nuia, Girvanella, and occasionally
Sphaerocodium, and sponges comprise the dominant
constituents of these horizons.

Girvanella was the main

component of the binder guild and also probably acted as a
constructor.

Sponges would have acted as bafflers and

possibly constructors.

Alberstadt and Repetski (1989)

interpret these horizons to have been deposited in water
slightly deeper than the other mound horizons discussed
above and represent deposition on a more distal position of
a carbonate ramp.

Meikleiohn Peak. Neyada
Bioherms have been described at Meiklejohn Peak (Ross
and others, 1975) and at Aysees Peak (Ross and others, 1961)
in southern Nevada, west of the Arrow Canyon Range (see Fig.
2).

These mudmounds are much larger than those found in the

Arrow canyon Range, are early Middle Ordovician in age, and
contain no Calathium.

The Meiklejohn Peak bioherm is 80

meters high and 300 meters wide.

It contains zebra

limestone at its base and abundant Stromatactis in the mound
core and bears little resemblance to the mounds in the Arrow

Canyon Range and elsewhere in North America at the time.
Algal mats and cavity filling are considered major factors
in the construction of this mound.

Pratt (1982) discusses

the major role of blue-green algae in the development of
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Stromatactis and zebra limestone, using the Meikeljohn peak

mound as a main example.

Ross and others (1991) interpret

deeper water depth than the environment of the Calathium
mounds of the Arrow Canyon Range.
My interpretation of the depositional environments of
the Opd Unit and the paleoecology of bioherms of the Arrow
Canyon Range is compatible with the present overall picture
of Early Ordovician sedimentation, paleoecology, and
paleogeography interpreted by other workers studying the
Early Ordovician of North America.

Early Paleozoic Reef Evolution

The Early Ordovician bioherm community played an
important role in the history of reef evolution.

They were

the first carbonate buildups with a large-body skeletal
component to occur after the disappearance of the
archeaocyathan buildups at the end of the Early Cambrian.
The base of the Cambrian marks the first major change
in carbonate mounds and reefs since the development of
stromatolites during the Precambrian.

This time marks the

transition from the non-skeletal stromatolites to buildups
of calcareous cyanobacteria andfor algae and also the first
appearance of skeletal metazoans, specifically the
archaeocyatha (Fagerstrom, 1987; Rowland and Gangloff,
1988) .

68

The earliest Cambrian (Tommotian Stage) mounds are
predominantly composed of Renalcis with lesser amounts of

Epiphyton acting as binders and constructors.

Archaeocyatha

are relatively unimportant, occurring only at the edges of
the mounds and between them (Rowland and Gangloff, 1988).
During the Atdabanian Stage, the archaeocyatha
increased in importance and moved into the mound cores of
many buildups.

Here, the archaeocyatha played a larger role

in the mound development by acting as sediment bafflers.

Renalcis and Epiphyton were still the main constructors of
the mounds, with overlap into the binder guild (Fagerstrom
and others, 1988, Rowland and Gangloff, 1988).

These mounds

are very similar structurally and paleoecologically to the
mounds I have described in this study.

In the bioherms of

the Opd Unit, Calathium acted as bafflers, similar to the
archaeocyatha of many Atdabanian bioherms.

The muds were

bound by microorganisms that acted as the main constructors
of the bioherms in both cases.
Throughout the remaining Early Cambrian, archaeocyatha
greatly diversified and occupied many niches in mound and
reef communities, including positions in the binder, baffler
and constructor guilds (Fagerstrom, 1987).

They were in

some cases building true skeletal frameworks (Rowland and
Gangloff, 1988; Debrenne and others, 1989), and in other
cases played a secondary role as dwellers and possibly
bafflers (Rees and others, 1989).

Calcareous cyanobacteria
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still occupied a major role as binders and constructors.
The end of the Early Cambrian marked the end of the
archaeocyaths as a major component in reefs.

Thrombolites,

stromatolites, and algal mounds remained the dominant
bioconstructions throughout the Middle and Late cambrian.

Renalcis, Epiphyton, and Girvanella, acting as binders and
constructors, were the major components of these buildups
(James, 1983; Fagerstrom, 1987).
The bioherms of the Opd Unit and other similar bioherms
throughout the world represent the return of large-bodied
skeletal organisms and the beginning of the decline in
importance of calcareous cyanobacteria and algae to the reef
and mound communities during the Early Ordovician.

Although

microorganisms were still the major constructors of the
mounds of the Opd Unit, the presence of Calathium boded
major changes soon to come in reef communities.

By the

Middle Ordovician, cyanobacteria and algae were displaced as
main reef constructors by skeletal macroorganisms.
Bryozoans, corals, and stromatoporoids made up the
constructor guilds of these reefs (James, 1983; Fagerstrom,
1987).

Although Calathium became extinct by the Middle

Ordovician and no longer played a role in mound and reef
communities, the organism represents the transition from
bioconstructions dominated by microorganisms to those
dominated by sessile benthonic macroorganisms during the
time span from Late Cambrian to Middle Ordovician.
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CONCLUSIONS

(1)

The rocks of Opd Unit of the Pogonip Group in the

Arrow Canyon range were deposited in a shallow-water, highenergy, subtidal, tropical marine environment.
(2)

Nuia and Nuia-crinoid shoals developed on a

shallow ramp.
(3)

The area was frequently disturbed by storms.

(4)

Calathium-dominated carbonate mudmounds emerged on

or near the Nuia and Nuia-crinoid shoals.
(5)

Although Calathium dominated the mounds on a

macroscopic scale, the mounds were built by microorganisms
which were not preserved.

Calathium simply lived in the

mounds and may have acted as sediment bafflers.
(6)

The bioherms of the Opd Unit represent the

transition from bioconstructions dominated by microorganisms
during the Middle and Late Cambrian to those dominated by
sessile benthonic macroorganisms during the Middle
Ordovician.
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APPENDIX A
VOLUMETRIC ANALYSIS OF BIOHERM ROCKS
SAMPLE A1
ll,rea (sgya~::e em)
Cut Calath Spar Matrix Other
A
3.3
0.0
29.0 0.0
B
o.o 0.0 42.7 o.o
c
0.4
0.0
51.6 o.o
D
0.2
0.4
53.0 3.8
E
5.9
0.3
47.7 0.2
TTL

9.8

0.6

224.0

4.0

Rock
32.3
42.7
52.0
57.3
54.1
238.4

fercent
Calath Spar Matr~x Other
10.1 0.0
89.9
o.o
o.o 0.0 100.0 o.o
0.8 0.0
99.2
0.0
6.5
0.4 0.7
92.4
10.9 0.5
88.2
0.4
4.1

0.3

94.0

1.7

SAMPLE A2
Area (sguare em)
cut Calath Spar Matrix Other Rock
A
7.2
0.0 131.3 0.7 139.2
17.3
B
0.0 124.1 0.0 141.4
c
6.0
0.0 114.2 0.0 120.2
D
12.8
o.o 66.5 0.0 79.3
57.4
VA 10.0
47.4 0.0
0.0
55.4
VB
5.6
49.8 0.0
0.0
54.3
vc
3.0
49.0 1.8
0.5
51.0
VD
1.9
48.6 0.5
0.0
53.5 2.6
58.5
VE
2.4
0.0
53.9
VF
7.1
46.9 0.0
0.0
41.1
VG
33.6 0.7
4.9
1.9
TTL 78.0

2.4

764.9

6.4

851.7

Percent
Calath Spar Matr1x Other
5.2
0.0 94.3
0.5
o.o
o.o 87.8
12.2
5.0
0.0 95.0
o.o
0.0
16.1
0.0 83.9
0.0
17.4
0.0 82.6
o.o
o.o 90.0
10.0
3.
3
0.8
90.3
5.5
3.6
0.0 95.3
1.0
4.5
4.1
0.0 91.5
o.o
13.1
0.0 86.9
11.8
4.7 81.7
1.7
9.2

0.3

89.8

0.7
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SAMPLE B1
Area (sguare em)
cut Calath Spar Matrix Other Rock
A
19.1 0.0 126.7 0.0 145.8
B
10.4
0.2 76.5 o.o
87.1
c
26.3 2.4 107.0 0.0 135.6
27.6 0.2 101.5 o.o 129.3
D
E
21.2 0.0 100.8 0.0 122.0
17.9 0.2 100.3 o.o 118.4
F
G
20.3 o.o
84.4 0.0 104.7
TTL 142.7

2.9

697.3

0.0

842.9

Percent
Calath Spar Matr~x Other
13.1
0.0 86.9
0.0
0.0
11.9
0.2 87.8
0.0
19.4
1.8 78.9
21.3
0.1 78.6
o.o
0.0
17.4
0.0 82.6
15.1
0.2 84.7
0.0
0.0
19.4
0.0 80.6
16.9

0.3

82.7

0.0

SAMPLE B2
Area (sguare em)
cut Calath Spar Matrix Other Rock
A
4.7 o.o
56.7
52.1 0.0
B
6.1 0.3
70.8
64.4 0.0
c
4.0 0.0
88.3 o.o
92.3
7.6 0.7
D
98;9 0.5 107.6
20.7 o.o
E
91.8 1.6 114.2
F
18.8 0.0
87.9
69.1 0.0
G
30.3 0.2
72.1 o.o 102.6
H
29.0 0.0
96.9
67.9 0.0
I
24.1 0.0
99.6
75.5 0.0
4.3 0.3
J
74.5 0.0
79.2
K
0.8 0.1
53.0 0.0
54.0
TTL 150.4

1.6

807.6

2.1

961.8

Percent
Calath Spar Matrix Other
8.2
0.0 91.8
0.0
8.7
0.4 91.0
0.0
0.0
4.3
0.0 95.7
7.0
0.6 91.9
0.5
1.4
18.2
0.0 80.4
0.0
21.4
0.0 78.6
29.5
0.2 70.3
0.0
0.0
29.9
0.0 70.1
0.0
24.2
0.0 75.8
0.4 94.1
0.0
5.5
0.3 98.2
0.0
1.5
15.6

0.2

84.0

0.2

SAMPLE B3
Area (sgug,re em}
cut Calath Spar Matrix Other Rock
7.4 0.3
74.0
VA
66.3 0.0
65.4
VB
14.8 0.3
50.2 0.0
vc
7.6 0.1 132.7 0.0 140.4
7,0 2.3 144.8 0.0 154.1
VD
VE
10.8 1.6 134.7 0.0 147.2
VF
11.0 0.6 128.9 1.0 141.5
93.8
VG
27.1 1.2
65.5 0.0
86.6
VH
1.5 1.9
83.2 0.0
66.2
VI
6.3 0.0
59.9 0.0
TTL

93.6

8.3

866.2

1.0

969.2

Percent
Calath Spar Matrix Other
0.0
10.0
0.5 89.6
o.o
22.6
0.5 76.9
0.0
5.4
0.1 94.5
0.0
4.6
1.5 94.0
0.0
7.4
1.1 91.5
0.7
7.8
0.4 91.1
0.0
28.9
1.2 69.9
1.8
2.2 96.0
0.0
0.0
0.0 90.5
9.5
9.7

0.9

89.4

0.1
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SAMPLE Cl
Ares (sguare em)
cut Calath Spar Matrix Other
VA
20.7
5.7 52.5 0.8
VB
19.3
3.8 58.2 0.0
vc
19.0
2.7 48.8 0.2
VD
8.8
2.0 36.0 0.0
VE
13.3
0.5 40.2 1.0
VF
15.6
2.9 21.9 0.0
VG
2.9
o.o 21.9 0.7
TTL

99.6

17.6 279.6

2.6

Rock
79.6
81.3
70.8
46.8
55.2
40.4
25.5
399.7

Percent
calath Spar Matrix Other
25.9
7.2 65.9
0.9
23.8
4.6 71.6
0.0
26.8
3.9 69.0
0.3
18.7
4.4 76.9
0.0
24.0
0.8 72.9
1.8
7.2 54.2
38.6
0.0
o.o 85.9
11.5
2.6
24.9

4.4

70.0

0.7

SAMPLE C2
ll.:!;:ea (Sgl,lg?;:e em)
Cut Calath Spar Matrix Other Rock
A
3.6 0.3
55.5 4.0
63.5
B
81.8 1.0
96.7
11.7 2.2
c
24.8 1.1
90.8 9.9 126.7
D
47.7 1.8 149.7 8.0 207.2
E
14.3 1.6 186.2 2.7 204.8
E
22.9 2.5 148.9 0.0 174.3
F
18.2 0.9 123.1 3.1 145.3
76.1 4.0 113.8
G
33.6 0.1
48.8 0.4
80.2
H
30.5 0.5

TTL 207.3 12.1

960.9 33.2 1212.5

Percent
Calath Spar Matrix Other
5.6
0.5 87.5
6.3
12.1
2.3 84.6
1.1
19.6
0.9 71.7
7.8
0.9 72.2
3.8
23.0
7.0
0.8 90.9
1.3
o.o
13.1
1.4 85.4
12.5
0.6 84.7
2.1
0.1 66.8
3.5
29.5
0.5
38.0
0.7 60.8
17.1

1.0

79.3

2.7
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SAMPLE C3
~~ea

(egYl:!~~

gml

cut Calath Spar Matrix Other Rock
VA
21.7 0.8
65.5 0.0
87.9
VB
31.7 0.6
68.1 0.0 100.4
vc
11.2 0.3
97.5 0.0 109.0
VD
19.5 1.6
96.0 0.0 117.2
VE
20.6 1.1
99.2 0.0 120.8
VF
35.7 0.0
91.1 0.0 126.8
VG
39.3 1.2
85.1 0.0 125.6
VH
38.2 0.9
84.2 0.6 123.9
VI
30.0 1.2
86.1 o.o 117.3
VJ
26.1 0.6
71.0 0.2
98.0
8.7 1.3
80.7
VK
70.7 0.0
VL
10.1 0.7
63.3 0.0
74.2
VM
6.1 0.1
61.0 0.4
67.6
VN
6.3 0.2
47.8 0.0
54.2
vo
0.0 0.0
35.5 o.o
35.5
TTL 305.3 10.6 1122.1

1.1 1439.1

Percent
Calath spar Matrix Other
24.6
0.9 74.5
0.0
31.5
0.6 67.8
0.0
10.3
0.2 89.4
0.0
16.7
1.4 81.9
0.0
o.o
17.1
0.9 82.1
28.1
0.0 71.9
0.0
31.3
0.9 67.8
0.0
30,8
0.8 67.9
0.5
25.6
1.0 73.4
0.0
26.7
0.6 72.5
0.2
10.8
1.6 87.6
o.o
13.7
0.9 85.4
0.0
9.1
0.2 90.3
0.5
11.5
0.3 88.1
0.0
0.0
o.o 100.0
0.0
21.2

0.7

78.0

0.1

SUMMARY PERCENTS
Calathium
Minimum
Maximum
Minimum
Maximum

Single Cut
Single Cut
Rock Sample
Rock Sample

overall Average

o.o

Spar

Matrix

Other

38.6
4.1
24.9

0.0
7.2
0.2
4.4

54.2
100.0
70.0
94.0

0.0
7.8
0.0
2.7

14.8

1.0

83.4

0.8
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APPENDIX B
FOSSILS ANS OTHER STRUCTURES

Numerous fossils were identified during the course of
this study.

Scholle (1978) and Bathurst (1983) were major

sources for fossil identification.

Fossils are listed and

pictured alphabetically and other structures are listed
following the fossils.

The black bar on each photo

represents 1 mm unless otherwise specified.
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APPENDIX C
STRATIGRAPHIC COLUMN DESCRIPTION

This is a description of Column c, with additional
information provided from the other columns when necessary.
Refer to Plate 1 for a depiction of all three stratigraphic
columns discussed in this study and their correlations to
each other.

The stratigraphic column is described from

bottom to top with the base of the Opd Unit beginning at o
meters.
The underlying Ope Unit is a prominent cliff-forming
unit.

It is composed of fine- to medium-grained, gray-

weathering gray limestone in beds 1-3 feet thick.
Subordinate amounts of chert in thin, nodular layers and
flat pebble conglomerates are interbedded in the unit.

The

Ope Unit is 190 feet (58 meters) thick (Langenheim and
others, 1962).

The contact between the Ope and Opd units is

gradational and is defined as the top of the cliff and
beginning of the slope.

Opd Unit. Column C
Meters

Description

0-16

Sub-unit 1.

Nuia grainstone and packstone.

Medium gray, fine-grained and ranging from thinly
planar bedded to massive.

Forms a series of small

benches and cliffs each less than 1 meter thick.
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Macroscopic fossils include trilobites and
crinoids.

Intraclasts are visible sporadically

throughout the sub-unit as well.

Horizontal

burrows are common on bedding planes and are
dolomitized, coloring them orange-brown.
burrowing is rare.

Vertical

orange-brown dolomitic

anastomosing blebs not related to burrowing mottle
the rocks at the 3-6 meter mark.

Chert nodules

and stringers ranging up to 1 meter long and 10 em
thick appear beginning at about 4 meters.

These

are parallel to bedding and common through the top
of this sub-unit.

Stylolitization ranges from

light to heavy and is generally parallel to
original bedding.

16-21

Sub-unit 2.

Interbedded intraformational

conglomerate and Nuia grainstone and packstone.
Medium to dark gray in beds 0.2 to 1 meter thick.
The grainstones and packstones in this sub-unit
are very similar to those Sub-unit 1.
Horizontally bedded to massive with bioturbation
common.

Orange-brown dolomite blebs are found

throughout and chert stringers are present but
rare.

Heavy stylolitization.

Trilobite, crinoid,

and brachiopod fragments are visible in outcrop.
The intraformational conglomerates (intraclastic
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grainstones) are interbedded with the grainstones
and are laterally discontinuous, although their
occurrence is laterally continuous.

Individual

intraclasts range up to 3 em long and are
frequently composed of the same rock type as the
beds underlying the intraformational conglomerate.
The conglomerates normally have planar erosional
bottom surfaces although troughs occur
occasionally.

Clast imbrication or graded bedding

could not be discerned.

21-23

Sub-unit 3.

Biohermal layer.

This sub-unit is a

Nuia-crinoid packstone containing bioherms.

I

will discuss the packstone first and then the
bioherms.
The Nuia-crinoid packstone is dark gray with areas
of orange-brown mottling.

It is coarse-grained

with bioclasts ranging up to 2-3 em across,
although most

are in the 1-5 mm range.

Trilobite

and crinoid fragments are common macrofossils. The
rock is horizontally bedded.

Heavy

stylolitization.
The bioherms are light gray and easily
distinguished from the surrounding packstone.
They are mudstones with massive to occasionally
finely laminated texture.

The bioherms have a
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small heightjwidth ratio,

much smaller than the

Calathium bioherms which occur higher in the

section and will be discussed later.

The bioherms

are 0,3 meters or less high and have widths
ranging from 1-4 meters.

They are separated from

each other by distances ranging from less than one
meter to tens of meters.

In areas where two

bioherms occur close to one another the packstones
show draping of layers between them.

The

boundaries between the bioherms and the
surrounding rocks are normally sharp with the
lower boundary less so.

Very few fossils can be

seen in the bioherms and Calathium are
conspicuously absent.

I found two calathium in

one of these bioherms at the north end of the
study area but the rest of the bioherms contained
none.

23-25

Sub-unit 4.

Nuia grainstone.

Medium gray with

pink dolomitic mottling.

Fine-grained with some

coarser grains present.

Macroscopic constituents

include trilobites, crinoids, and intraclasts.

the top of this sub-unit, Calathium make their
first appearance.

Bedding is indistinct.

Stylolites and dolomite stringers common.

At
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25-26.5

Sub-unit 5.

Biohermal layer.

This sub-unit is a

Nuia grainstone containing bioherms.

The

grainstone is very similar to the Sub-unit 4 with
the exception of an increase in the number of

Calathium fragments and intraclasts.
is evident.

Fine bedding

The bioherms are light gray and

visually distinct from the surrounding
grainstones.

They are composed of a matrix of

massive carbonate mud containing Calathium up to 4
em across and 10 em tall.

These are the

bioclastic wackestones discussed in the rock
descriptions section of this report.

other

visible macrofossils include crinoids, trilobites,
and gastropods.

The bioherms range up to 1 meter

high and up to 1.5 meters wide.

When visible on

horizontal surfaces, which is very rare, they have
a circular to slightly elliptical outline.

The

contact between the bioherms and the surrounding
grainstones varies from indistinct to sharp and
erosive with sharp being the rule.

The bottoms of

the bioherms show a more gradational contact than
either the sides or the tops.

Fragments of the

bioherms can occasionally be found in the
surrounding and overlying grainstones as well as
solitary Calathium.
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26.5-38

Sub-unit 6.

Interbedded intraformational

conglomerate and Nuia-crinoid grainstone and
packstone.
bioturbated.

The grainstones are thinly bedded and
Horizontal burrowing is common with

burrows being replaced with orange-brown dolomite.
Crinoids, trilobites, and rare Calathium make up
the bulk of the macrofossils.

stylolites are

common and chert is present but rare.
The clasts of the intraformational conglomerates
range in size up to 3 em and are composed
primarily of Nuia-crinoid grainstone and
packstone.

The conglomerates have sharp and

erosive lower contacts and rip-up clasts of
underlying beds are common.

Large (up to 1.5 em

across) crinoid fragments can make up to 30
percent of the clasts in the conglomerates.

38-39

Sub-unit 7.

Biohermal layer.

The bioherms in

this sub-unit rest directly on an intraformational
conglomerate and are surrounded by intraclastic
and Nuia grainstones.

The bioherms are dominated

by Calathium and range up to slightly less than
one meter high and one meter wide.

Contacts

between the bioherms and the grainstones are
sharp.

This layer thins to small muddy stringers

with few Calathium at column B and is not present
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in Column A.

39-42

Sub-unit 8.

Interbedded intraformational

conglomerate and Nuia-crinoid grainstone and
packstone.

This layer is nearly identical Sub-

unit 6 and becomes continuous with it when the
underlying biohermal layer pinches out to the
north near Column B.

The grainstones are thin to

medium bedded and contain crinoids, trilobites,
and rare calathium.

stylolites are common and

chert is now absent.
The clasts of the intraformational conglomerates
are also similar to those in Sub-unit 6.

42-45

Sub-unit 9.

Biohermal layer.

This layer is a

Nuia-crinoid grainstone containing bioherms.

The

grainstone is medium gray, medium- to coarsegrained, and contains occasional intraclasts of
the bioherms.

Burrows are common and dolomitized.

stylolitization is widespread.

The bioherms are

dominated by Calathium with crinoids and
trilobites common accessories.

The matrix is

composed of light gray massive mud,

The bioherms

are visually and texturally distinct from the
surrounding grainstones and have sharp to erosive
boundaries with them.

The largest bioherms found
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in Column C are in this layer,ranging up to 1.5
meters tall by 3 meters wide;

Interestingly this

layer is discontinuous and cannot be traced to
Column B or A.

45-47.5

Sub-unit 10.

Nuia-crinoid packstone.

Dark gray

to nearly black, fine-grained, and mostly a benchformer.

Thin discontinuous beds with extensive

bioturbation that consists mostly of horizontal
burrows.

Fossil fragments are abundant and

include crinoids, trilobites, gastropods,
brachiopods, and Calathium.
to common.

Intraclasts are rare

Orange-brown dolomite blebs and

partings mottle the rocks and stylolitization is
light.

47.5-48.5 Sub-unit 11.

Biohermal layer.

Nuia-crinoid

packstone/grainstone containing Calathium-bearing
bioherms.

The packstonejgrainstones are coarse-

grained, medium to dark gray and bioturbated.
Massive to planar bedded.

The bioherms are light

gray and distinct from the surrounding rocks.
They are bioclastic wackestones with a mud matrix
and Calathium is the most common macrofossil
present.

The bioherms range up to over 1 meter

high by 2 meters wide.

They are separated by a
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few to tens of meters.

The boundary between the

bioherms and the surrounding rocks ranges from
gradational to sharp, with sharp as the rule.

The

basal contact is normally less distinct.

48.5-55

Sub-unit 12.

Intraclastic grainstone/packstone.

Dark gray to brownish-gray and coarse-grained.
Thinly planar bedded to massive and shaly toward
the top.

Crinoids, trilobites, and intraclasts

are the major constituents but other bioclasts,
including Calathium, gastropods, and brachiopods
are common.
absent.

In thin section Nuia are uncommon to

The intraclasts range up to 1.5 em across

and are bioclastic mudstones and packstones that
occasionally show alteration rinds.

Alteration is

sometimes heavy and dolomitic mottling is common.
Erosive bases are present on many layers.

55-58

Sub-unit 13.

Cover.

Brown to brownish-gray shaly

mudstone and calcareous shale are present in the
float.

58-63

Sub-unit 14.

Interbedded shaly mudstones and

Nuia-crinoid grainstones and packstones.

The

medium to dark gray grainstonesfpackstones are in
beds up to 20 em thick and planar bedded.

common
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macrofossils include crinoids, Calathium,
trilobites, gastropods, and brachiopods.
intraclasts are present.

Some

Extensive dolomite

recrystalization and some stylolitization.
The shaly mudstones occur as thin layers and are
laminated to finely bedded.
to buff and are platy.

They are light gray

Bioclasts are rare to

absent.

63-63.5

Sub-unit 15.

Mudstone with fenestral fabric.

This sub-unit is a distinctive marker bed for the
Opd Unit and was used to correlate the three
measured columns.

It is medium gray and finely

laminated to finely bedded with a sometimes
mottled appearance.

Calcite-filled openings up to

1.5 em tall occur frequently in the rock and are
generally elongated in a vertical direction,
perpendicular to the laminations.
present.

63.5-69

No fossils are

Stylolites are common.

Sub-unit 16.

Nuia grainstone.

This layer is

composed of medium gray to buff coarsely
crystalline grainstone.
bedded to massive.

It is medium planar

Constituents include

occasional crinoids, Calathium, trilobites,
brachiopods, and rare intraclasts; however in thin
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section the allochems are nearly 100% Nuia
fragments.

Alteration has been minimal with minor

stylolites and dolomite present.

Occasional

calcite inclusions up to 1 em across occur.

In

Columns A and B this sub-unit contains bioherms
rich in Calatbium but these bioherms cannot be
found in the area of Column c.

69-71

Sub-unit 17.
the float.

71-84

Cover.

Shaly mudstone is present in

·

Sub-unit 18.

Nuia grainstone.

Medium gray to

buff and planar thin- to medium-bedded.
Occasional thin fine-grained layers are
interbedded with the grainstones.

Macroscopic

fossils include trilobites, crinoids, Calathium,
and gastropods.
uncommon.

Intraclasts are present but

Chert nodules and stringers appear with

increasing frequency and size upward through the
top of this sub-unit.

Chert stringers are

oriented parallel to bedding.

Heavily

stylolitized with stylolites generally parallel to

bedding.

Dissolution pores are visible in some

areas and pyrite inclusions are common.

The

correlative sub-unit in Column B contains a large
(2-3 meters tall by 2-3.5 meters wide) Calathium

97
bioherm but none could be found in the area of
Column A or this Column.

84-88

Sub-unit 19.

Nuia-crinoid packstone.

medium gray and massive.

Buff to

Trilobites are the only

identified accessory fossiL

Some portions appear

very fine grained while others are co.arser.

Chert

stringers appear frequently and are oriented
parallel to bedding.

Heavily stylolitized with

stylolites generally parallel to bedding.

This is

the top layer of the Opd unit.

The contact between the Opd and the overlying Ope is
gradational and has been defined by Langenheim and others
(1962) as the base of the lowest prominent, rustyweathering, cherty layer below the main body of the cliff
formed by the Ope Unit.

The Ope is a medium- to coarse-

grained, gray weathering, medium to dark gray limestone that
forms a prominent cliff above the Opd Unit.

It contains

cherty and silty layers and a few thin shaly sub-units.
Ope is 394.5 feet (120 meters) thick in the Arrow Canyon
Range (Langenheim and others, 1962; Pierce, 1967).

The

